- 55 - 



WHAT IS CLAIMEED IS: 

1. A piezoelectric element structure comprising: 
a supporting substrate; and / 

a piezoelectric film supported on said/ supporting 
substrate, / 

wherein said piezoelectr ic film^c jon tains a first , 
laye r, and a second lay er having zirconium, each 
provided with perovskite structure^ and formed to be in 
contact with each other or lamiiafated through an 
intermediate layer, and the temperature at the time of 
thin film formation is 500°c/ or more to provide said 
piezoelectric film, anc/fl€fr the formation thereof, a 
quick cooling is given! from the thin film formation 
temperature at least to 450°C with a cooling speed of 
30°C/min or more. / 

2. A piezoelectric element structure according to 
Claim 1, wherein/said first layer does not contain 
zirconium. / 

3. A piezoelectric element structure according to 
Claim 2, wherein said intermediate layer is in contact 
with said/ first layer and said second layer to reside 
between /these layers, and the zirconium concentration 
increases inclinatorily . 

4. A piezoelectric element structure according to 
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Claim 1, where the amount of zirconium content o^said 
first layer is smaller than the amount of zirconium 
content of said second layer. 



5. A liqui d discharge recor ding hea4 comprising: 
^ ^ jnain body portion ^ provided with liquid discharge 
ports, and pressure chambers connected with said liquid 
discharge ports; 

a piezoelectric film having titanium, and 

zirconium; and 

a piezoele ctric vibrating Aoj gtiori^ provided partly 
for said pressure chambers/ceptaining electrodes 
arranged for both sides of qaid piezoelectric film. 




/ 



said vibrating portion being made to perform warping 



/ 



vibration to discharge recording liquid from said 
liquid discharge ports, 

wherein said piezoelectric film contains a first 



layer having no zirconium, and a second layer having 
zirconium, each provided with perovskite structure, and 
formed to be in contact with each other, and the 
temperature at the /time of thin film formation is 500°C 
or more to provide said piezoelectric film, and for the 
formation thereof, a quick cooling is given from the 
thin film formation temperature at least to 450°C with a 
cooling speed bf 30°C/min or more. 



6. A mquid discharge recording head comprising: 
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a main body portion provided with liquid ^dscharge 
ports, and pressure chambers connected with s^id liquid 
discharge ports; 

a piezoelectric film having lead, titanium, and 
z irconium ; and 

a piezoelectric vibrating portion Provided partly 
for said pressure chambers containing /electrodes 
arranged for both sides of said piezoelectric film, 
said vibrating portion being made tzo perform warping 
vibration to discharge recording /iquid from said 
liquid discharge ports, 

wherein said piezoelectric film contains a first 
layer and a second layer, eacti provided with perovskite 
structure, and formed to be in contact with each other, 
and the amount of zirconium/ content of said first layer 
is smaller than the amount/ of zirconium content of said 
second layer, and then, t/ie temperature at the time of 
thin film formation is 5j00°C or more to provide said 
piezoelectric film, an<y for the formation thereof, a 
quick cooling is given/ from the thin film f ormation 
temperature at least /to 450°C with a cooling speed of 
30°C/min or more. 



7. A liquid discharge recording head comprising: 
25 a main body portion provided with liquid discharge 

ports, and pressure chambers connected with said liquid 
discharge ports;' 
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a piezoelectric film having lead, titaniiyh, and 
zirconium; and / 

a piezoelectric vibrating portion provided partly 
for said pressure chambers containing electrodes 
arranged for both sides of said piezoelectric film, 
said vibrating portion being made to perform warping 
vibration to discharge recording liqtyLd from said 
liquid discharge ports, / 

wherein said piezoelectric fiAm contains a first 
layer having no zirconium, and a /second layer having 
zirconium and an intermediate jJiyer with the zirconium 
concentration thereof to be inlclinatorily increased, 
each provided with perovsjute structure, and formed to 
be in contact with each other, and the temperature at 
the time of thin film formation is 500°C or more to 
provide said piezoelectric film, and for the formation 
thereof, a quick cooling is given from the thin film 
formation temperature at least to 450°C with a cooling 
speed of 30°C/min or more. 

8. A liquid discharge recording head according to 
Claim 5, wherein the ratio of zirconium/titanium in 
said second layer is set at 30/70 or more and 70/30 or 
less. / 

9 . A limiid discharge recording head according to 
Claim 5, wherein said piezoelectric film is mono- 
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orientational crystal or monocrystal. 

10. A liquid discharge recording head/ according 
to Claim 5, wherein said piezoelectric filun is formed 
with orientation in the direction (100)./ 

11. A liquid discharge recording head according 
to Claim 5, wherein said piezoelectric film is 
orientated in the direction (111) /and the said 
electrodes are comb- shaped or fopned on the entire 
face. / 

if 

12. A liquid discharge /recording head according 
to Claim 5, wherein said piezoelectric film is formed 
in a thickness of 10 pm oiyless. 

13. A liquid discharge recording head according 
to Claim 5, wherein sai'd piezoelectric film is formed 
in a thickness of 1 pm or more and 4 pm or less. 

14. A liquid discharge recording head according 
to Claim 13, wherein the first layer of said 
piezoelectric film is formed in a thickness of 30 nm or 
more and 100 nm or less. 

15. A liouid discharge recording head according 
to Claim 5, wnerein said piezoelectric vibrating 
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portion is provided further with a vibrating^ plate. 

16. A liquid discharge recording h£ad according 
to Claim 15, wherein said vibrating plarce is formed by 
at least one of materials or a laminae ed member of the 
materials selected from nickel, chromium, aluminum, 
titanium, zirconium, and from the >group of oxide 
thereof or nitride thereof, silicon, silicon oxide, 
polymer organic materials , and >ySZ . 

17. A liquid discharge^ recording head according 
to Claim 15, wherein said vibrating plate is formed 
with the vibrating plaie characteristics by ion 
injection on the uppef* part of the main body substrate 
to form pressure chambers. 

18. A liquid discharge recording head according 
to Claim 15, whereiry said vibrating plate is formed on 
a silicon monocrystal substrate with epitaxial 
development . / 

19. A liquad discharge recording head according 
to Claim 5 , wheprein the second layer of said 
piezoelectric kllm contains niobium and tin, manganese, 
and provides Antif erroelectricity . 

20. PJ liquid discharge recording head according 
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to Claim 5, wherein the electrode layers arranged for 
both side of said piezoelectric film are ytormed by 
platinum, iridium, conductive oxide, 017 conductive 
nitride. 

21. A liquid discharge recording head according 
to Claim 5, wherein said main body portion is provided 
with a plurality of liquid discharge ports, and a 
plurality of said pressure chambers corresponding to 
each of liquid discharge portfe , respectively, and from 
the electrodes arranged for /both sides of said 
piezoelectric film, at least those on one side are 
separated for installation corresponding to said 



pressure chambers in 
piezoelectric vibrati^ 
chamber . 



tr to structure the 
portion for each pressure 



22. A liquid discharge recording head according 
to Claim 21, wherein said piezoelectric film is 
separated to be arranged corresponding to said pressure 
chambers, and the/electrodes on one side are formed on 
each of said separated piezoelectric film. 

23. A liquid discharge recording head according 
to Claim 5, wfierein the circumference of said 
piezoelectric vibrating portion is directly connected 
with the CMrcumf erence of the pressure chamber without 
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using bonding agent^c- the like. 



24. A method for manufacturing a liquid discharge 
recording head provided with the main body portion 
x5 having liquid discharge ports, and pressure^ chambers 
with opening portion on part thereof, being connected 
with said liquid discharge ports, and/piezoelectric 
vibrating portion installed to cloae said opening 
portion, comprising the following steps of; 
10 forming vibrating plate agfa electrode on a 

substrate; 

forming on said electrode a first layer having 
perovskite structure containing lead and titanium, and 
setting a temperature eft 500°C or more when forming on 
said first layer a second layer having perovskite 
structure containing zirconium, lead, and titanium, and 
then, giving quigfe cooling from said temperature at 
least to 450°C Vith cooling speed of 30°C/min or more 
for forming piezoelectric film containing said first 
20 layer and sefcond layer; 

separ&ting said piezoelectric film after the 
formatiop of said piezoelectric film corresponding to 
pressure chambers; 

forming the upper electrode, and pressure chambers 
25 corijesponding said separated piezoelectric films; and 
bonding a nozzle plate having liquid discharge 
rts formed therefor. 



15 
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wherein in the step of forming said piezoelectric 
film, said first layer is formed so as not to contain 
zirconium or so as to make the amount of contained 
zirconium smaller than that of said second/layer. 

25. A method for manufacturing a/liquid discharge 
recording head provided with the main body portion 
having liquid discharge ports, and/pressure chambers 
with opening portion on part thereof , being connected 
with said liquid discharge port^s, and piezoelectric 
vibrating portion installed tp close said opening 
portion, comprising the following steps of: 

forming on a supporting substrate a first layer 
having perovskite structure containing lead and 
titanium, and setting eJ temperature of 500°C or more 
when forming on said farst layer a second layer having 
perovskite structure /containing zirconium, lead, and 
titanium, and then,/ giving quick cooling from said 
temperature at lea/st to 450°C with cooling speed of 
30°C/min or more /for forming piezoelectric film 
containing said/first layer and second layer, and 
forming on saia supporting substrate the piezoelectric 
vibrating portion having said piezoelectric film; 

bonding without using adhesive agent the 
circumference of said opening portion of said main body 
porion with the circumference of said piezoelectric 
vibrating portion by arranging them to be faced; and 
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removing said supporting substrate subsequent/ to 
said step, / 

wherein in the step of forming said piezoelectric 
vibrating portion, said first layer is formed so as not 
to contain zirconium or so as to make t^e amount of 
contained zirconium smaller than that/ of said second 
layer . / 

26. A method for manufacturing a liquid discharge 
recording head according to G^laim 25, wherein said 
first layer, second layer ,Xfibrating plate, and 
electrode are formed by W\e vapor method including 
sputtering and CVD method. 

27. A method ytor manufacturing a liquid discharge 
recording head according to Claim 24, wherein a silicon 
substrate is use/a as said substrate, and said substrate 
is removed by ^tching using a mixed acid of 
hydrochloric yacid and nitric acid to make the interior 
thereof presfsure chambers . 

28. / a method for manufacturing a liquid discharge 
recordi/g head according to Claim 27, wherein said 
substrate is removed by etching using hydrofluoric acid 
solution or potassium hydroxide solution. 



29. A liquid discharro^recording head according 



to Claim 6, wherein the ratio of zirconium/titaniljm in 
said second layer is set at 30/70 or more and 7X)/30 or 
less . 



30. A liquid discharge recording head according 
to Claim 6, wherein said piezoelectric /film is mono- 
orientational crystal or monocrystal, 



31 . A liquid discharge recording head according 
to Claim 6, wherein said piezoelectric film is formed 
with orientation in the direction (100). 



32. A liquid discHh±gfe recording head according 
to Claim 6, wherein sai<£ piezoelectric film is 
orientated in the direction (111), and the said 
electrodes are comb- shaped or formed on the entire 
face . 

33. A liquid /discharge recording head according 
to Claim 6, wherein said piezoelectric film is formed 
in a thickness off 10 Jim or less. 




34. A licpid discharge recording head according 
to Claim 6, wherein said piezoelectric film is formed 
in a thickness of 1 pm or more and 4 pm or less . 



35. 



liquid discharge recording head according 



to Claim 7, wherein the ratio of zirconium/ titanium in 
said second layer is set at 30/70 or more and/70/30 or 
less . 

36. A liquid discharge recording h^ad according 
to Claim 7. wherein said piezoelectric yfilm is mono- 
prientational crystal or monocrystal, 



37. A liquid discharge recording head according 
to Claim 7, wherein said piezoelectric film is formed 
with orientation in the direction (100). 

38. A liquid dischar^el/recording head according 
to Claim 7, wherein said piezoelectric film is 
orientated in the directio/ (111), and the said 
electrodes are comb- shaped or formed on the entire 
face. 



39. A liquid discharge recording head according 
to Claim 7, wherein s/aid piezoelectric film is formed 
in a thickness of id um or less. 

40. A liqui^ discharge recording head according 
to Claim 8, wherein said piezoelectric film is formed 
in a thickness fif 1 pm or more and 4 um or less. 



41 



Lquld discharge recording head according 
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to Claim 29, wherein the first layer of said/ 
piezoelectric film is formed in a thicknes^ of 30 nm or 
more and 100 nm or less. / 

42. A liquid discharge recording/ head according 
to Claim 35, wherein the first layer Jot said 
piezoelectric film is formed in a thickness of 30 nm or 
more and 100 nm or less. / 

43. A liquid discharge recording head according 
to Claim 6 , wherein said piezoelectric vibrating 
portion is provided further with a vibrating plate. 

44. A liquid discharge recording head according 
to Claim 7 , wherein said piezoelectric vibrating 
portion is provided further with a vibrating plate . 

45. A liquid discharge recording head according 
to Claim 43, wherein said vibrating plate is formed by 
at least one of materials or a laminated member of the 
materials selected from nickel, chromium, aluminum, 
titanium, zirconium, and from the group of oxide 
thereof or nitride thereof, silicon, silicon oxide, 
polymer organic materials, and YSZ. 

46. A liquid discharge recording head according 
to Claim 44, wherein said vibrating plate is formed by 
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at least one of materials or a laminated merper of the 
materials selected from nickel, chromium. Aluminum, 
titanium, zirconium, and from the group off oxide 
thereof or nitride thereof, silicon, silicon oxide, 
polymer organic materials, and YSZ. 

47. A liquid discharge recording head according 
to Claim 43, wherein said vibrating plate is formed 
with the vibrating plate characteristics by ion 
injection on the upper part oy the main body substrate 
to form pressure chambers, 

48. A liquid disch)fa^ge recording head according 
to Claim 44, wherein said vibrating plate is formed 
with the vibrating plate characteristics by ion 
injection on the upper/ part of the main body substrate 
to form pressure chambers. 

49. A liquid /discharge recording head according 
to Claim 43, wherefin said vibrating plate is formed on 
a silicon monocryCtal substrate with epitaxial 
development . 

50. A liquid discharge recording head according 
to Claim 44, /wherein said vibrating plate is formed on 
a silicon m^nocrystal substrate with epitaxial 
development 
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51. A liquid discharge recording head/ according 
to Claim 6, wherein the second layer of ^aid 
piezoelectric film contains niobium anc^tin, manganese, 
and provides ant if erroelectricity . 

52. A liquid discharge reco^&ing head according 
to Claim 6, wherein the electrod^ layers arranged for 
both side of said piezoelectric^ film are formed by 
platinum, iridium, conductive/oxide, or conductive 
nitride . 



53. A liquid dlstftfairge recording head according 
to Claim 6 , wherein sa?L<^ main body portion is provided 
with a plurality of licfuid discharge ports, and a 
plurality of said pressure chambers corresponding to 
each of liquid discharge ports, respectively, and from 
the electrodes arranged for both sides of said 
piezoelectric film/ at least those on one side are 
separated for installation corresponding to said 
pressure chambeijs in order to structure the 
piezoelectric ^Lbratxng portion for each pressure 
chamber . 



54. A/liquid discharge recording head according 
to Claim 7 / wherein the second layer of said 
piezoelectric film contains niobium and tin, manganese. 



-TO- 



SS . A liquid discharge recording head Recording 
to Claim 7, wherein the electrode layers arranged for 
both side of said piezoelectric film are /formed by 
platinum, iridium, conductive oxide, oiy conductive 
nitride . 

56. A liquid discharge recording head according 
to Claim 7, wherein said main body portion is provided 
with a plurality of liquid discharge ports , and a 
plurality of said pressure chambers corresponding to 
each of liquid discharge ports, respectively, and from 
the electrodes arranged fiOs^both sides of said 
piezoelectric film, at l^ast those on one side are 
separated for installation corresponding to said 
pressure chambers in oyder to structure the 
piezoelectric vibrating portion for each pressure 
chamber . 

57. A liquid' discharge recording head according 
to Claim 53, wherein said piezoelectric film is 
separated to be/ arranged corresponding to said pressure 
chambers, and ythe electrodes on one side are formed on 
each of said Separated piezoelectric film. 

58. a liquid discharge recording head according 
to Claim 56, wherein said piezoelectric film is 
separatees to be arranged corresponding to said pressure 
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chambers, and the electrodes on one sider are formed on 
each of said separated piezoelectric film. 
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59. A liquid discharge recording head according 
to Claim 6, wherein the circumference of said 
piezoelectric vibrating portions is directly connected 
with the circumference of the/pressure chamber without 
using bonding agent or th^ jtike 

10 60. A liquid discfj&tge recording head according 

to Claim 7 , wherein th£ circumference of said 
piezoelectric vibratifig portion is directly connected 
with the circumference of the pressure chamber without 
using bonding agen/t or the like, 




